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APPENDIX I-A

Calculation of Maximum Hourly, Daily, and
Annual Emissions

Tables presented in this Appendix are as follows:

I-A-1  Ammonia Slip Emissions
I-A-2a,b  Maximum Hourly, Daily, and Annual Emissions Estimates
I-A-3  Fuel Use Calculations
I-A-4  Turbine/HRSG Air Toxic Emissions Estimates
I-A-5  Turbine/HRSG Performance Data Sheets
I-A-6a,b,c,d Cooling Tower PM10 Emissions Estimates
I-A-7a,b  Cooling Tower Air Toxic Emissions Estimates
I-A-8  Typical Natural Gas Analysis Data
I-A-9  Typical Refinery Gas Analysis Data
I-A-10  GHG Emissions Estimates
I-A-11  California Greenhouse Gas Inventory
I-A-12  Project Greenhouse Gas Emissions Summary
I-A-13  Example VOC Service Component List

In addition to the above tables, other miscellaneous support data for the device-specific
emissions calculations may also be included in this Appendix.



 





 





 









 



































































Greenhouse Gases-Estimation and Reporting

Greenhouse gases (GHG) that contribute to global climate change are carbon dioxide (CO2), methane,
nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride (SF6). In response to
Executive Order S-3-05, which stated California’s particular vulnerability to climate change, the
California Global Warming Solutions Act of 2006-Assembly Bill 32 (AB32), was signed into effect on
September 27, 2006. In chaptering the bill, the California Legislature found that: “Global warming poses
a serious threat to the economic well-being, public health, natural resources, and the environment of
California. The potential adverse impacts of global warming include the exacerbation of air quality
problems, a reduction in the quality and supply of water to the state from the Sierra snowpack, a rise in
sea levels resulting in the displacement of thousands of coastal businesses and residences, damage to
marine ecosystems and the natural environment, and an increase in the incidences of infectious diseases,
asthma, and other human health-related problems”.

Emissions of CO2 occur primarily from combustion of a wide variety of fossil and non-fossil fuels. The
major categories of fuel combustion CO2 sources can be broken into sectors for residential, commercial,
industrial, transportation, and electricity generation. The transportation sector includes all motor gasoline
and diesel fuel combustion. To date, there is no separate estimate for the level of GHG emissions caused
by gasoline or diesel fuel combustion related to statewide construction activities. Other GHG emissions
such as methane (CH4) and nitrous oxide (N2O) are also being assessed by State inventories but occur in
much smaller quantities. The global warming potential of methane is about 21 times that of CO2, while
the warming potential for N2O is about 310 times that of CO2. When quantifying GHG emissions, the
different global warming potentials of GHG pollutants are usually taken into account by normalizing their
rates to an equivalent CO2 emission rate (CO2e.).

California’s greenhouse gas emissions are significant in the global context and growing over time (CEC,
2007). The State is responsible for approximately 500 million metric tons of CO2 equivalent (MMTCO2e)
or more than one percent of the 49,000 MMTCO2e emitted globally (IPCC, 2007). Electricity generation
within California is responsible for approximately 50 million metric tons of CO2 (considering short term
variations) or approximately 15 percent of the total statewide CO2 emissions and about one percent of
statewide methane emissions. Electricity generation in other states delivered to California over high-
voltage transmission lines also causes a substantial quantity of GHG emissions, about 10 percent more
than the amount from in-state electricity generation. The use of sulfur hexafluoride (SF6) in power
transformers and circuit breakers at power plants and along transmission lines also poses a concern,
because this pollutant can slowly leak from the equipment (as a fugitive emission). SF6 has an extremely
high global warming potential (one ton of SF6 is equivalent to approximately 23,900 tons of CO2).

Statewide emissions of greenhouse gases from relevant source categories in 1990, 2000, and 2005, as
available from the California Energy Commission (CEC), are summarized in Table I-A-11.



Table I-A-11
California Greenhouse Gas Inventory (million metric tons CO2e)

Category/Year 1990 2000 2005
Residential Fuel Combustion 28.97 30.25 na
Commercial Fuel Combustion 12.65 15.63 na
Industrial Fuel Combustion 66.12 76.17 na
Transportation Fuel Combustion 161.08 181.68 na
Electricity Generation (In State) 43.36 55.87 49.0
Methane (as CO2e) 25.82 26.32 na
Nitrous Oxide (as CO2e) 32.75 31.43 na
Electricity Transmission and Distribution (SF6 as
CO2e)

2.32 1.14 na

Total California Greenhouse Gases w/o Electricity
Imports

389.97 440.47 na

Electricity Imports (as CO2e) 43.31 40.48 na
Total California Greenhouse Gases w/Electricity
Imports

433.28 480.94 na

Source: CEC, 2007- CEC/CARB memo dated 1-23-07.

The Electricity Greenhouse Gas Emissions Standards Act (per SB1368) was enacted in 2006, and requires
base load generation resources or contracts to be subject to the GHG or Environmental Performance
Standard. The California Public Utility Commission has adopted an emissions performance standard for
the state’s investor owned utilities of 1,100 pounds (0.5 metric tons) of CO2 per megawatt-hour. This
standard applies to base load power from new power plants, new investments in existing power plants,
and new or renewed contracts with term limits of five (5) years or more, including contracts with power
plants outside of California.

The Energy Commission has designed and adopted regulations that:

Establish a standard for baseload generation owned by, or under long-term contract to publicly
owned utilities, of 1,100 lbs CO2 per megawatt-hour (MWh). This will encourage the
development of power plants that meet California's growing energy needs while minimizing their
emissions of greenhouse gases,

Require posting of notices of public deliberations by publicly owned utilities on long-term
investments on the Energy Commission website. This will facilitate public awareness of utility
efforts to meet customer needs for energy over the long-term while meeting the State's standards
for environmental impact, and,

Establish a public process for determining the compliance of proposed investments with the
emissions performance standard (EPS). This process includes the following components:



o A utility may request that the Commission determine whether or not an investment under
consideration is subject to or complies with the EPS (Request for Evaluation of a
Proposed Procurement).

o A utility may request that an investment be exempted from the requirement that it meet
the EPS if the investment is necessary to ensure reliable service to utility customers or to
avoid a threat of significant financial harm (Request for Reliability or Financial
Exemption), or, if the utility is under a legal obligation to contribute a share of a larger
investment (Request for Exemption Due to Pre-existing Multi-Party Commitment).

o A utility must submit a compliance filing upon committing to an investment that is
required to meet the EPS (Compliance Filing).

o Any party may request that the Energy Commission conduct a complaint or investigation
proceeding to determine a utility's compliance with the regulations (Request for
Compliance Investigation).

Investments that must be in compliance with the EPS include:

Construction or purchase (turnkey agreements) of new power plants designed and intended for
baseload generation;
Purchase of existing power plants designed and intended for baseload generation, or ownership
shares thereof, other than combined cycle natural gas power plants in operation or permitted prior
to June 30, 2007.

Capital investments in existing, utility-owned power plants designed and intended for baseload
generation, other than those for routine maintenance, that:

For combined-cycle, natural gas power plants permitted before June 20, 2007, increase the
generation capacity by 50 megawatts (MW) or more.
For other power plants, are intended to extend the life of one or more units by five years or more.
Are intended to increase the rated capacity of the power plant.
Are intended to convert a non-baseload power plant into a baseload power plant.

Baseload generation as defined in SB1368 means “electricity generation from a power plant that is
designed and intended to provide electricity at an annualized plant capacity factor of at least 60 percent.”

The proposed facility will comply with each of these regulations as applicable.

Societal Reduction of Greenhouse Gas Emissions

An important objective of the Project is to conserve natural gas and reduce overall environmental impacts
from emissions and contributions to global climate change.  Combined heat and power (CHP), also
known as cogeneration, increases energy efficiency and provides related greenhouse-gas (GHG) reduction
benefits by sequentially producing two energy products—electricity and useful heat—from a single fuel
source.  The California Energy Commission has found that new CHP applications could play a large part
in avoiding future greenhouse gas emissions due to the combined efficiency of the heat and power
portions of the project.   Although cogeneration facilities use fuel for combustion, they utilize much more
of the fuel’s energy potential than do conventional power facilities and are therefore more energy
efficient.  CHP requires less fuel to produce a given energy output, and avoids transmission and
distribution losses that occur when electricity travels over power lines.  Because less fuel is burned to



produce each unit of energy output, CHP reduces particulate emissions and greenhouse gas emissions per
unit of useful output.  Gas-fired power stations continue to be an important part of a lower-carbon energy
solution, because natural gas is the cleanest fossil fuel available and an important part of the California
supply picture for at least the medium term.

The California Air Resources Board (CARB) Scoping Plan outlines California’s strategy for achieving
GHG reductions mandated by AB32.  The Plan adopted by CARB’s board on December 11, 2008,
addressed the role of the electricity sector in achieving GHG reductions.  Specific electricity sector
emissions reduction measures include energy efficiency, CHP, and 33% renewables.  The Scoping Plan
recommends that the state promote the widespread development of efficient CHP to displace the need for
new or expanded conventional power plants and has set a target of an additional 4,000 MW of installed
CHP capacity by 2020, enough to displace approximately 30,000 GWh of generation from less efficient
resources.   Existing CHP in California already saves millions of tonnes of GHG emissions annually and
CARB estimates the potential for new CHP to bring an additional annual reduction of nearly
6.7MMTCO2e of GHG reductions by 2020.

Increased efficiency translates into reduced demand for natural gas and lower societal GHG emissions.
Alternatively, the electric and thermal production equipment that consumes natural gas to separately
produce thermal energy and electricity is overall less efficient than CHP which produces both electricity
and thermal output using the same input fuel.  A reduction in the fuel consumed to produce heat and
power means a reduction in emissions, including GHG emissions. The range of the expected GHG
reduction benefits associated with the Project is illustrated in Table I-A12 below.  Under annual average
operating conditions, the Project results in annual CO2 emission reductions from 8.1% up to 16.3% as
compared to the Separate Production case presented.

Scenario 1 compares (i) the Project’s combustion turbine fueled solely with natural gas and refinery gas
duct firing to (ii) the separate production of thermal energy in an industrial boiler and electricity generated
consistent with operating data1 for recent vintage combined cycle gas turbines (CCGT).    Scenario 1
results in annual CO2 emission reductions of 8.1% as compared to the Separate Production case
presented.

Scenario 2 modifies Scenario 1 by employing a blend of refinery and natural gas in the Project’s
combustion turbine.  Scenario 2 results in annual CO2 emission reductions of 12.1% as compared to the
Separate Production case presented.

Scenario 3 compares (i) the Project’s combustion turbine fueled solely with natural gas and refinery gas
duct firing to (ii) the separate production of thermal energy in an industrial boiler and electricity generated
from natural gas fueled resources at prices consistent with the South of Path 15 (SP-15) market pricing
hub.2  Scenario 3 results in annual CO2 emission reductions of 12.4% as compared to the Separate
Production case presented.

1 Based on 2006 EIA data for CA CCGT installed in or after 2001 with 100 MWa or greater annual operation.

2 Based on SP-15 average prices for the period February 2008 through January 2009, Topock bidweek natural gas
prices and SoCalGas intrastate transportation costs.



Scenario 4 modifies Scenario 3 by employing a blend of refinery and natural gas in the Project’s
combustion turbine.  Scenario 4 results in annual CO2 emission reductions of 16.3% as compared to the
Separate Production case presented.

Table I-A-12
Project Greenhouse Gas Emissions Summary

CO2e (Metric Tons per Year)

Line Description Scenario 1 Scenario 2 Scenario 3 Scenario 4
1 New Combined Heat & Power 662,875 633,623 662,875 633,623

Alternative Separate Production

2 Electricity 292,972 292,972 328,623 328,623

3 Boiler - Thermal 428,281 428,281 428,281 428,281

4 Total Separate Production 721,253 721,253 756,904 756,904

5 Net Emissions (Line 1 less Line 4) -58,378 -87,630 -94,029 -123,281



T
ab

le
 I-

A
-1

3
E

xa
m

pl
e 

V
O

C
 S

er
vi

ce
 C

om
po

ne
nt

 L
is

t f
or

 C
og

en
 U

ni
t #

1
N

ot
e:

 A
 si

m
ila

r l
is

t i
s e

xp
ec

te
d 

to
 a

pp
ly

 to
 P

ro
po

se
d 

U
ni

t #
5.

D
es

ir
ed

 P
ro

ce
ss

/S
ys

te
m

P1
7S

1
C

O
G

E
N

E
R

A
T

IO
N

 U
N

IT
 N

O
.1

Se
rv

ic
e

T
ot

al
 E

xi
st

in
g

C
om

po
ne

nt
s

Se
al

ed
 B

el
lo

w
s

G
as

/V
ap

or
 a

nd
 L

ig
ht

 L
iq

ui
d

6

Fu
el

 &
 N

at
ur

al
 G

as
0

G
as

 V
ap

or
33

9
Li

gh
t L

iq
ui

d
74

H
ea

vy
 L

iq
ui

d
64

Se
al

le
ss

 T
yp

e
Li

gh
t L

iq
ui

d
0

D
ou

bl
e 

M
ec

ha
ni

ca
l S

ea
ls

 o
r

Eq
ui

va
le

nt
Li

gh
t L

iq
ui

d
0

Si
ng

le
 M

ec
ha

ni
ca

l S
ea

l
H

ea
vy

 L
iq

ui
d

2
G

as
/V

ap
or

1
A

ll
1,

63
9

A
ll

5
A

ll
67

4

N
ot

es
:

A
ll 

H
L 

co
m

po
ne

nt
 c

ou
nt

s e
st

im
at

ed
 b

as
ed

 o
n 

H
L 

pu
m

ps
 a

nd
 fr

om
 C

he
m

ic
al

 M
an

uf
ac

tu
re

rs
 A

ss
oc

ia
tio

n 
do

cu
m

en
t

Fa
ct

or
s o

f 3
2 

H
L 

va
lv

es
/H

L 
pu

m
p 

an
d 

13
9 

H
L 

fla
ng

es
/H

L 
pu

m
p 

w
er

e 
us

ed
 - 

sa
m

e 
nu

m
be

rs
 a

s A
ER

 fe
es

Pr
es

su
re

 R
el

ie
f V

al
ve

s i
nc

lu
de

s H
L 

PR
D

s
Fo

r H
L 

pu
m

ps
 a

nd
 p

re
ss

ur
e 

re
lie

f v
al

ve
s, 

lu
be

 o
il 

co
m

po
ne

nt
s a

re
 n

ot
 in

cl
ud

ed
A

ss
um

ed
 z

er
o 

fu
el

/n
at

ur
al

 g
as

 v
al

ve
s

A
ll 

LL
G

 c
om

po
ne

nt
s g

ro
up

ed
 w

ith
 L

L
A

ll 
LL

 p
um

ps
 in

cl
ud

ed
 u

nd
er

 D
ou

bl
e 

M
ec

ha
ni

ca
l S

ea
l o

r E
qu

iv
al

en
t c

at
eg

or
y

Fl
an

ge
s m

ad
e 

up
 o

f c
on

ne
ct

or
s, 

ha
tc

he
s, 

in
st

ru
m

en
ta

tio
n,

 m
an

w
ay

s, 
m

et
er

s, 
ot

he
rs

, s
am

pl
in

g 
lin

es
, s

ite
 g

la
ss

es
Pr

oc
es

s d
ra

in
s i

nc
lu

de
s c

on
tro

lle
d 

an
d 

un
co

nt
ro

lle
d 

dr
ai

ns
 (n

o 
ot

he
r 1

17
6 

co
m

po
ne

nt
s)

Pr
oc

es
s D

ra
in

s

Pu
m

ps

V
al

ve
s

A
Q

M
D

 A
pp

ro
ve

d 
I&

M
Pr

og
ra

m

C
om

po
ne

nt
 T

yp
e

C
om

pr
es

so
r

Fl
an

ge
s

Pr
es

su
re

 R
el

ie
f V

al
ve

s





 

















 





























































 





 





















 













































 





 













































 









 





 





 





 














